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Abstract: Paracetamol, also known as acetaminophen, is one of the most widely used over-the-counter 
analgesics and antipyretics globally. While generally considered safe when used as directed, excessive or 
prolonged use of paracetamol can lead to adverse effects on various organ systems within the human body. 
This comprehensive review explores the physiological mechanisms underlying paracetamol toxicity, its effects 
on different organs, risk factors for overdose, diagnostic methods, and potential management strategies. 
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Introduction 
Paracetamol, also known as acetaminophen, is one of the most commonly used medications 

worldwide for the relief of pain and reduction of fever[1]. Its widespread availability over the counter 
and perception of safety have contributed to its extensive use across diverse demographic groups[2]. 
Its widespread availability over the counter and perception of safety have contributed to its extensive 
use across diverse demographic groups[2]. 

The aim of this review is to provide a comprehensive overview of the physiological mechanisms, 
organ-specific effects, risk factors, diagnostic approaches, and management strategies associated with 
excessive paracetamol consumption[3]. By synthesizing existing literature and research findings[4], 
this review aims to enhance understanding among healthcare professionals and the general public 
regarding the potential risks and consequences of paracetamol misuse or overdose[5]. 

Understanding the physiological mechanisms underlying paracetamol toxicity is crucial for 
recognizing and managing its adverse effects effectively[6]. While paracetamol is generally 
considered safe at therapeutic doses, the risk of toxicity increases with higher doses, particularly in 
cases of overdose[7]. The liver is the primary site of paracetamol metabolism, where it undergoes 
biotransformation into both non-toxic and toxic metabolites. Under normal conditions, these 
metabolites are efficiently conjugated and excreted from the body[8]. However, in cases of overdose, 
the metabolic pathways become saturated, leading to the accumulation of toxic metabolites, 
particularly N-acetyl-p-benzoquinone imine (NAPQI)[9]. The depletion of hepatic glutathione stores 
exacerbates oxidative stress and mitochondrial dysfunction, resulting in hepatocellular injury and 
potential liver failure[10]. 

Beyond hepatotoxicity, excessive paracetamol use can also adversely affect other organ systems, 
including the kidneys, cardiovascular system, and gastrointestinal tract[11]. Furthermore, certain risk 
factors, such as intentional overdose, chronic alcohol consumption, and concurrent use of 
medications affecting hepatic metabolism, can exacerbate the likelihood and severity of paracetamol 
toxicity[12]. Timely diagnosis of paracetamol overdose is essential for implementing appropriate 
management strategies and preventing life-threatening complications[13]. Diagnostic approaches 
typically involve assessing the patient's history, clinical presentation, serum paracetamol levels, and 
liver function tests. 
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Management of paracetamol overdose revolves around early recognition, supportive care, and 
administration of the antidote, N-acetylcysteine (NAC)[14]. NAC replenishes depleted glutathione 
stores, thereby mitigating liver injury and preventing the progression to acute liver failure. In severe 
cases, advanced interventions, such as hemodialysis or liver transplantation, may be necessary to 
ensure optimal patient outcomes[15]. 

Physiological Mechanisms 
Paracetamol, chemically known as N-acetyl-para-aminophenol, is primarily metabolized in the 

liver through several pathways, including glucuronidation, sulfation, and oxidation[16]. At 
therapeutic doses, these metabolic pathways effectively convert paracetamol into inactive metabolites 
that are excreted in the urine[9]. However, when consumed in excessive amounts, these pathways 
become overwhelmed, leading to the formation of toxic metabolites, particularly N-acetyl-p-
benzoquinone imine (NAPQI)[17]. 

The formation of NAPQI is facilitated by the cytochrome P450 enzyme system, specifically the 
CYP2E1 isoform. Under normal circumstances, NAPQI is rapidly conjugated with glutathione, a 
tripeptide antioxidant present in high concentrations within hepatocytes, rendering it harmless[8]. 
However, in cases of paracetamol overdose, glutathione stores become depleted due to the 
overwhelming production of NAPQI, leading to the accumulation of toxic metabolites and 
subsequent hepatocellular injury[18]. 

The toxic effects of NAPQI are primarily mediated by oxidative stress and mitochondrial 
dysfunction. NAPQI binds to cellular proteins, leading to the formation of protein adducts, 
disruption of cellular membranes, and activation of inflammatory pathways[19]. Furthermore, 
NAPQI-induced oxidative stress results in the generation of reactive oxygen species (ROS), which 
further exacerbate cellular damage by promoting lipid peroxidation, DNA fragmentation, and 
apoptosis[20]. 

Mitochondrial dysfunction plays a central role in paracetamol-induced hepatotoxicity. NAPQI-
induced oxidative stress impairs mitochondrial respiration and ATP production, leading to energy 
depletion and cellular injury[21]. Additionally, mitochondrial permeability transition pore (MPTP) 
opening exacerbates hepatocyte death by facilitating the release of pro-apoptotic factors, such as 
cytochrome c, into the cytosol. 

The severity of paracetamol-induced hepatotoxicity depends on various factors, including the 
dose ingested, the duration of exposure, and individual susceptibility factors[22]. Acute overdose can 
result in fulminant hepatic failure, necessitating urgent medical intervention, including liver 
transplantation. Chronic excessive use of paracetamol may also lead to cumulative liver damage[23], 
eventually progressing to chronic liver disease, such as cirrhosis. 

In addition to hepatotoxicity, paracetamol toxicity can also affect extrahepatic tissues, including 
the kidneys, cardiovascular system, and gastrointestinal tract[24]. The underlying mechanisms of 
extrahepatic toxicity are not fully understood but may involve oxidative stress, inflammation, and 
direct cellular injury[25]. 
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Figure 1. illustrate the fig of Physiological Mechanisms. 

Organ-Specific Effects 

1. Liver 
Paracetamol-induced hepatotoxicity is the most well-documented and clinically significant 

consequence of excessive paracetamol consumption[26]. The liver serves as the primary site of 
paracetamol metabolism, where it undergoes phase I (oxidation) and phase II (conjugation) 
biotransformation reactions[27]. Under normal conditions, the majority of paracetamol is 
metabolized via glucuronidation and sulfation pathways, yielding non-toxic metabolites that are 
readily excreted in the urine. 

However, when ingested in excessive doses, paracetamol overwhelms these metabolic 
pathways, leading to the formation of toxic metabolites, particularly N-acetyl-p-benzoquinone imine 
(NAPQI)[28]. NAPQI is primarily produced via the cytochrome P450-mediated oxidation pathway, 
specifically through the CYP2E1 isoform. In the absence of sufficient glutathione, NAPQI binds to 
cellular proteins, resulting in oxidative stress, mitochondrial dysfunction, and hepatocellular 
injury[29].  

The toxic effects of NAPQI on the liver manifest in a dose-dependent manner. In mild cases of 
paracetamol overdose, patients may exhibit elevated liver enzyme levels (e.g., alanine 
aminotransferase, ALT; aspartate aminotransferase, AST) and mild hepatic inflammation, commonly 
referred to as hepatocellular injury[30]. However, in severe cases, particularly those involving 
massive overdose, fulminant hepatic failure may develop, characterized by widespread hepatocyte 
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necrosis, coagulopathy, hepatic encephalopathy, and multi-organ dysfunction syndrome 
(MODS)[31]. 

The clinical presentation of paracetamol-induced hepatotoxicity typically follows a predictable 
timeline. In the acute phase, patients may be asymptomatic or present with non-specific symptoms 
such as nausea, vomiting, abdominal pain, and malaise[11]. As the toxicity progresses, hepatic 
enzyme levels rise, indicating ongoing hepatocellular injury. In severe cases, signs of hepatic 
decompensation, such as jaundice, hepatic encephalopathy, and coagulopathy, may become 
evident[32]. 

Early diagnosis of paracetamol-induced hepatotoxicity is crucial for initiating timely 
intervention and preventing irreversible liver damage. Serum paracetamol levels should be measured 
as soon as possible following ingestion[11], with consideration given to the timing of ingestion and 
the potential for delayed absorption. Additionally, liver function tests, including ALT, AST, bilirubin, 
and international normalized ratio (INR), should be monitored regularly to assess the extent of 
hepatocellular injury and hepatic dysfunction[33]. 

The management of paracetamol-induced hepatotoxicity revolves around early recognition, 
supportive care, and administration of the antidote, N-acetylcysteine (NAC). NAC serves as a 
precursor for glutathione synthesis, replenishing depleted hepatic stores and preventing the 
accumulation of toxic metabolites[11]. When administered within the appropriate timeframe, NAC 
has been shown to reduce the risk of hepatic injury and improve patient outcomes[34]. In severe cases 
of fulminant hepatic failure, advanced interventions, such as liver transplantation, may be necessary 
to prevent mortality and facilitate recovery[35]. 

 
Figure 2. liver. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 May 2024                   doi:10.20944/preprints202405.0818.v1

https://doi.org/10.20944/preprints202405.0818.v1


 5 

 

2. Kidneys 
While hepatotoxicity is the most well-known consequence of paracetamol overdose, emerging 

evidence suggests that excessive paracetamol consumption can also have adverse effects on renal 
function[36], although these effects are less common and less extensively studied compared to liver 
toxicity. 

Paracetamol is primarily metabolized in the liver, and only a small fraction of the drug 
undergoes renal excretion in its unchanged form. Therefore, direct nephrotoxicity from paracetamol 
itself is rare[8]. However, in cases of severe paracetamol overdose or when the drug is taken in 
combination with other nephrotoxic agents, such as nonsteroidal anti-inflammatory drugs (NSAIDs), 
the kidneys may be subject to injury[37]. 

The exact mechanisms underlying paracetamol-induced nephrotoxicity are not fully understood 
but may involve several factors, including renal ischemia, oxidative stress, and inflammation[36]. 
Animal studies have suggested that high doses of paracetamol can lead to renal tubular necrosis and 
interstitial nephritis, particularly in the presence of pre-existing renal impairment or dehydration[38]. 

Clinical manifestations of paracetamol-induced nephrotoxicity may vary and can range from 
mild renal impairment to acute kidney injury (AKI) requiring renal replacement therapy[39]. Patients 
may present with symptoms such as decreased urine output, fluid retention, electrolyte imbalances, 
and elevated serum creatinine levels[40]. Additionally, urinary biomarkers of kidney injury, such as 
neutrophil gelatinase-associated lipocalin (NGAL) and kidney injury molecule-1 (KIM-1), may be 
elevated in cases of paracetamol-induced AKI[39]. 

Diagnosis of paracetamol-induced nephrotoxicity typically involves assessing renal function 
through serum creatinine measurements, urine output monitoring, and urinalysis[41]. Imaging 
studies, such as renal ultrasound, may also be performed to evaluate for structural abnormalities or 
signs of obstruction[42]. 

Management of paracetamol-induced nephrotoxicity is primarily supportive and aimed at 
preserving renal function and preventing further injury[36]. This may include hydration to maintain 
adequate renal perfusion, correction of electrolyte imbalances, and avoidance of nephrotoxic 
medications[43]. In severe cases of AKI, renal replacement therapy, such as hemodialysis or 
continuous renal replacement therapy (CRRT), may be necessary to support renal function until 
recovery occurs[44]. 
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Figure 3. Kidney. 

3 Cardiovascular System 
Recent studies have suggested potential associations between excessive or chronic paracetamol 

use and adverse cardiovascular outcomes, although the underlying mechanisms and causality 
remain subjects of debate[45]. While paracetamol is primarily recognized for its analgesic and 
antipyretic properties, emerging evidence suggests that it may also exert effects on the cardiovascular 
system, including the risk of myocardial infarction (MI) and hypertension[46]. 

Myocardial Infarction (MI): 
Several epidemiological studies have investigated the potential link between paracetamol use 

and the risk of MI[47]. While findings have been mixed, some studies have reported an increased risk 
of MI associated with long-term or high-dose paracetamol use[48]. The proposed mechanisms 
underlying this association include the potential inhibition of prostacyclin synthesis and alterations 
in platelet function, which may predispose individuals to thrombotic events[49]. 

However, it is essential to interpret these findings with caution, as confounding factors, such as 
the underlying medical conditions for which paracetamol is prescribed (e.g., chronic pain, 
inflammatory conditions), may contribute to the observed associations[50]. Further research, 
including prospective studies and mechanistic investigations, is needed to elucidate the potential 
causal relationship between paracetamol use and the risk of MI[6]. 

Hypertension: 
Some studies have suggested a potential association between paracetamol use and the 

development or exacerbation of hypertension[50]. Chronic use of paracetamol has been hypothesized 
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to disrupt the balance between vasodilatory and vasoconstrictive pathways, leading to alterations in 
blood pressure regulation. Additionally, paracetamol-induced inhibition of prostaglandin synthesis 
may impact renal function and sodium balance, contributing to hypertension development[51]. 

Again, while observational studies have reported associations between paracetamol use and 
hypertension, causality has not been firmly established. The potential for confounding by indication 
and other factors underscores the need for further research to clarify the relationship between 
paracetamol use and hypertension risk. 

 
Figure 4. Cardiovascular System. 

4 Gastrointestinal Tract 
Excessive or prolonged use of paracetamol has been associated with various adverse effects on 

the gastrointestinal (GI) tract[45]. While paracetamol is generally well-tolerated, it can exert irritant 
effects on the gastric mucosa and may contribute to GI symptoms and complications, particularly 
when used in high doses or over extended periods[52]. 

Gastric Mucosal Irritation: 
Paracetamol is primarily metabolized in the liver, and only a small fraction of the drug reaches 

systemic circulation unchanged[53]. However, unmetabolized paracetamol that reaches the GI tract 
may directly irritate the gastric mucosa, leading to mucosal damage and ulcer formation[54]. The 
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exact mechanisms underlying paracetamol-induced GI irritation are not fully understood but may 
involve local toxic effects and alterations in mucosal barrier function[55]. 

Gastric Ulceration and Bleeding: 
Chronic use of paracetamol, particularly when taken in high doses or in combination with other 

medications such as nonsteroidal anti-inflammatory drugs (NSAIDs), has been associated with an 
increased risk of gastric ulceration and gastrointestinal bleeding[56]. Paracetamol-induced inhibition 
of cyclooxygenase (COX) enzymes, albeit to a lesser extent than traditional NSAIDs, may impair 
prostaglandin synthesis and compromise the protective mucosal layer, predisposing the GI tract to 
injury[57]. 

Non-Specific Abdominal Pain: 
Chronic use of paracetamol has also been linked to non-specific abdominal pain, although the 

exact mechanisms underlying this symptom remain unclear[58]. It is hypothesized that chronic 
paracetamol use may disrupt normal GI motility and sensory function, leading to visceral 
hypersensitivity and altered pain perception[59]. Additionally, psychological factors such as 
medication-related anxiety or somatization may contribute to the development of abdominal pain in 
some individuals[60]. 

While the GI adverse effects of paracetamol are generally mild and reversible, healthcare 
professionals should be aware of their potential impact, particularly in individuals with pre-existing 
GI conditions or those taking concomitant medications with GI side effects[60]. Patients should be 
counseled on the appropriate use of paracetamol, including adherence to recommended dosages and 
avoidance of prolonged or excessive use. Additionally, individuals with a history of GI bleeding or 
ulcers should use paracetamol cautiously and under the guidance of a healthcare provider[61]. 
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Figure 5. Gastrointestinal Tract. 

Risk Factors and Diagnostic Approaches 
A) Risk Factors for Paracetamol Toxicity: 
1. Dose: Exceeding the recommended dosage of paracetamol, whether intentionally or 

unintentionally, increases the risk of toxicity[12]. 
2. Frequency and Duration of Use: Prolonged or frequent use of paracetamol, especially at high 

doses, can lead to cumulative toxicity[62]. 
3. Concomitant Use of Medications: Certain medications, such as enzyme-inducing drugs (e.g., 

carbamazepine, phenytoin) or enzyme-inhibiting drugs (e.g., isoniazid, cimetidine), can alter 
paracetamol metabolism and increase the risk of toxicity[63]. 

4. Underlying Liver Disease: Individuals with pre-existing liver conditions, such as cirrhosis or 
hepatitis, may be more susceptible to paracetamol-induced hepatotoxicity[64]. 

5. Alcohol Consumption: Chronic alcohol consumption can potentiate paracetamol-induced 
liver injury by inducing cytochrome P450 enzymes and depleting hepatic glutathione stores[26]. 

6. Age and Weight: Children and elderly individuals may be more vulnerable to paracetamol 
toxicity due to differences in drug metabolism and clearance[65]. 

7. Intentional Overdose: Deliberate self-poisoning with paracetamol is a significant risk factor 
for toxicity, particularly in cases of suicidal ideation or mental health disorders[66]. 

B) Diagnostic Approaches: 
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1. History and Clinical Examination: A thorough history should be obtained, including details 
of paracetamol ingestion, timing, and quantity. Clinical examination may reveal signs of toxicity, 
such as abdominal pain, nausea, vomiting, and jaundice[67]. 

2. Serum Paracetamol Levels: Measurement of serum paracetamol concentrations is essential for 
assessing the risk of toxicity and guiding treatment decisions[68]. Levels should be obtained as soon 
as possible following ingestion, with repeat measurements at regular intervals to assess for delayed 
absorption or potential toxicity[69]. 

3. Liver Function Tests: Serum liver enzymes, including alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), and bilirubin, should be monitored to assess the extent of 
hepatocellular injury and hepatic dysfunction[70]. 

4. Coagulation Studies: International normalized ratio (INR) and prothrombin time (PT) should 
be measured to evaluate for coagulopathy, which may indicate severe liver injury and impaired 
synthetic function[71]. 

5. Renal Function Tests: Serum creatinine and blood urea nitrogen (BUN) levels should be 
assessed to evaluate renal function and assess for potential nephrotoxicity[71]. 

6. Imaging Studies: Abdominal ultrasound or computed tomography (CT) scans may be 
performed to assess for evidence of liver injury, hepatomegaly, or other abdominal pathology[72]. 

Management Strategies 
1. Early Recognition and Supportive Care: Prompt recognition of paracetamol overdose is 

essential for initiating appropriate management[73]. Healthcare providers should obtain a thorough 
history of paracetamol ingestion, including the timing and quantity of ingestion[74]. Supportive care 
should be initiated immediately, including airway management, oxygen supplementation, and 
hemodynamic stabilization as needed[75]. 

2. Serum Paracetamol Levels: Measurement of serum paracetamol concentrations is critical for 
assessing the risk of toxicity and guiding treatment decisions[68]. The Rumack-Matthew nomogram 
or a standard treatment graph can be used to determine the need for N-acetylcysteine (NAC) 
administration based on the timing of ingestion and serum paracetamol concentration[76]. 

3. N-acetylcysteine (NAC) Administration: NAC is the antidote for paracetamol overdose and 
serves as a precursor for glutathione synthesis, replenishing depleted hepatic stores and preventing 
the formation of toxic metabolites[77]. NAC can be administered orally or intravenously, with the 
intravenous route preferred in cases of severe overdose or impaired oral intake[78]. 

4. Treatment Regimens: Various treatment regimens for NAC administration are available, 
including the oral, intravenous, and intramuscular routes[78]. The choice of regimen depends on 
factors such as the severity of overdose, the presence of symptoms, and the patient's clinical 
condition[79]. The standard oral regimen involves a loading dose followed by a maintenance infusion 
over 20-72 hours[80]. 

5. Monitoring and Supportive Care: Patients should be closely monitored for signs of 
hepatotoxicity, renal dysfunction, and other complications associated with paracetamol 
overdose[81]. Serial measurement of liver enzymes, renal function tests, and coagulation studies 
should be performed to assess the progression of toxicity and guide treatment decisions[82]. 
Supportive care measures, including fluid resuscitation, electrolyte correction, and nutritional 
support, should be instituted as needed[83]. 

6. Consideration for Advanced Interventions: In cases of severe paracetamol overdose resulting 
in acute liver failure or multi-organ dysfunction syndrome (MODS), advanced interventions such as 
hemodialysis or liver transplantation may be necessary[84]. These interventions should be considered 
in consultation with specialists experienced in the management of acute liver failure[85]. 

7. Psychosocial Support and Counseling: Patients who have experienced paracetamol overdose, 
whether intentional or unintentional, may benefit from psychosocial support and counseling to 
address underlying mental health issues, reduce the risk of future overdose, and promote medication 
adherence and safety. 
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Conclusion 
Excessive use of paracetamol can have detrimental effects on various organ systems, particularly 

the liver. Healthcare professionals should be vigilant in educating patients about the appropriate 
dosing and potential risks associated with paracetamol use. Timely recognition and management of 
paracetamol toxicity are essential for preventing life-threatening complications and improving 
patient outcomes. Further research is warranted to elucidate the long-term consequences of chronic 
paracetamol use and identify strategies for minimizing associated risks. 
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